corresponds to the nucleic acid sequence of the wild type Thermus aquaticus DNA 
polymerase gene isolated from the YT-1 strain [Lawyer et ai 9 J. Biol Chem. 264:6427 
(1989)]. SEQ ID NO:2 corresponds to the nucleic acid sequence of the wild type 
Thermus flavus DNA polymerase gene [Akhmetzjanov and Vakhitov, Nucl Acids Res. 
20:5839 (1992)]. SEQ ID NO:3 corresponds to the nucleic acid sequence of the wild 
type Thermus thermophilics DNA polymerase gene [Gelfand et aL, WO 91/09950 
(1991)]. SEQ ID NOS:7-8 depict the consensus nucleotide and amino acid sequences, 
respectively for the above three DNAPs (also shown on the top row in Figs. 2 and 3). 

The 5' nucleases of the invention derived from thermostable polymerases have 
reduced synthetic ability, but retain substantially the same 5' exonuclease activity as 
the native DNA polymerase. The term "substantially the same 5' nuclease activity" as 
used herein means that the 5' nuclease activity of the modified enzyme retains the 
ability to function as a structure-dependent single-stranded endonuclease but not 
necessarily at the same rate of cleavage as compared to the unmodified enzyme. Type 
A DNA polymerases may also be modified so as to produce an enzyme which has 
increases 5' nuclease activity while having a reduced level of synthetic activity. 
Modified enzymes having reduced synthetic activity and increased 5' nuclease activity 
are also envisioned by the present invention. 

By the term "reduced synthetic activity" as used herein it is meant that the 
modified enzyme has less than the level of synthetic activity found in the unmodified 
or "native" enzyme. The modified enzyme may have no synthetic activity remaining 
or may have that level of synthetic activity tiiat will not interfere with the use of the 
modified enzyme in the detection assay described below. The 5' nucleases of the 
present invention are advantageous in situations where the cleavage activity of the 
polymerase is desired, but the synthetic ability is not (such as in the detection assay of 
the invention). 

As noted above, it is not intended that the invention be limited by the nature of 
the alteration necessary to render the polymerase synthesis deficient. The present 
invention contemplates a variety of methods, including but not limited to: 
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1) proteolysis; 2) recombinant constructs (including mutants); and 3) physical and/or 
chemical modification and/or inhibition. 

1. Proteolysis 

Thermostable DNA polymerases having a reduced level of synthetic activity are 
produced by physically cleaving the unmodified enzyme with proteolytic enzymes to 
produce fragments of the enzyme that are deficient in synthetic activity but retain 5' 
nuclease activity. Following proteolytic digestion, the resulting fragments are 
separated by standard chromatographic techniques and assayed for the ability to 
synthesize DNA and to act as a 5' nuclease. The assays to determine synthetic activity 
and 5' nuclease activity are described below. 

2. Recombinant Constructs 

The examples below describe a preferred method for creating a construct 
encoding a 5 5 nuclease derived from a thermostable DNA polymerase. As the Type A 
DNA polymerases are similar in DNA sequence, the cloning strategies employed for 
the Thermus aquaticus zndflavus polymerases are applicable to other thermostable 
Type A polymerases. In general, a thermostable DNA polymerase is cloned by 
isolating genomic DNA using molecular biological methods from a bacteria containing 
a thermostable Type A DNA polymerase. This genomic DNA is exposed to primers 
which are capable of amplifying the polymerase gene by PCR. 

This amplified polymerase sequence is then subjected to standard deletion 
processes to delete the polymerase portion of the gene. Suitable deletion processes are 
described below in the examples. 

The example below discusses the strategy used to determine which portions of 
the DNAP Tag polymerase domain could be removed without eliminating the 5' 
nuclease activity. Deletion of amino acids from the protein can be done either by 
deletion of the encoding genetic material, or by introduction of a translational stop 
codon by mutation or frame shift. In addition, proteolytic treatment of the protein 
molecule can be performed to remove segments of the protein. 
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In the examples below, specific alterations of the Taq gene were: a deletion 
between nucleotides 1601 and 2502 (the end of the coding region), a 4 nucleotide 
insertion at position 2043, and deletions between nucleotides 1614 and 1848 and 
between nucleotides 875 and 1778 (numbering is as in SEQ ID NO:l). These 
modified sequences are described below in the examples and at SEQ ID NOS:9-12. 

Those skilled in the art understand that single base pair changes can be 
innocuous in terms of enzyme structure and function. Similarly, small additions and 
deletions can be present without substantially changing the exonuclease or polymerase 
function of these enzymes. 

Other deletions are also suitable to create the 5' nucleases of the present 
invention. It is preferable that the deletion decrease the polymerase activity of the 5 5 
nucleases to a level at which synthetic activity will not interfere with the use of the 5' 
nuclease in the detection assay of the invention. Most preferably, the synthetic ability 
is absent. Modified polymerases are tested for the presence of synthetic and 5 5 
nuclease activity as in assays described below. Thoughtful consideration of these 
assays allows for the screening of candidate enzymes whose structure is heretofore as 
yet unknown. In other words, construct "X" can be evaluated according to the 
protocol described below to determine whether it is a member of the genus of 5' 
nucleases of the present invention as defined functionally, rather than structurally. 

In the example below, the PCR product of the amplified Thermus aquaticus 
genomic DNA did not have the identical nucleotide structure of the native genomic 
DNA and did not have the same synthetic ability of the original clone. Base pair 
changes which result due to the infidelity of VNAPTaq during PCR amplification of a 
polymerase gene are also a method by which the synthetic ability of a polymerase 
gene may be inactivated. The examples below and Figs. 4A and 5A indicate regions 
in the native Thermus aquaticus and flavus DNA polymerases likely to be important 
for synthetic ability. There are other base pair changes and substitutions that will 
likely also inactivate the polymerase. 

It is not necessary, however, that one start out the process of producing a 5' 
nuclease from a DNA polymerase with such a mutated amplified product. This is the 
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